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ffilv Ctl{w'r;r>S^it::'c$-y:^7j<^S±tSDM,^^M 
U c:©7Jc^^X{i7JcS^«'1';^->©SSA^•if::^L./ce^ 
7jc t as Lfc?£SDX!^^. TK^SXtiTKSJS-r :^ 
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11 10 




BEST AVAiU^^ 

- 1 - 



ei5t7K*m^^P LT/i: ;5lt*a 1 ^«c©im 
fi. sE«r^JtLT/j:-5»5^iSli5tt©i@*67j<:4'07jc@^ 

zSs i«flEcMi»unj*^t>. mf^7K'^izmm=i:m^xwi^ 
^.JiDX:^-)*., 

[If 5 ] Btrl£7jcs^«±isnia®i lt. s^tTk+jr 

^'OTKi^SfC J; -5iDX:5iSo 

[ft 6 ] tatsum^^mn&mi: ut. ss^eTicjrsi 

7°7X><&*fiS;U. 7K*mmXfi»gi^-<i-T/d:^lt^:K 

one*;* < LT. m^mr.<^(^mmit7mm'<^ 

>^ ? I # «-t±T i^i 5 IfsR^S 1 ~ 6 {5in*^CE«gOjSM7j< 
4'©7jcK«ic J; SjDX:5-i*o 

[0 0 0 1 ] 

l^T. •€-©'1';*->a*it::fe^-\JrT7m«X(±*@?»l':t 

>jr J; ^ Tffiiiaxit^^^^flox^ L < {iK-fkay^j^fiKira 
X-ra c <hd-«T# ^SDX^iSfcM-r ■So 
[0 0 0 2] 

[0 0 0 3] Si£T(i*t.v^smflO«fi£^«i:: 



[0 0 0 4] z(Dmm'^m&it<>^^tLx^-fm^-^ 
ho cn-s-oSDXiiists^ci^swASDXtiijt^Me^ 

(C. -fb^W^ffiSJJc^^jgC-rCclrfCJi^Tl^^SDX^^T 

■pt©T«;5o ^^^T. Mti^j^ci-sjnx^MJi^e 
fi£:*©^^|iS{ilS^-a:-r\ BuxE©**i|!4©#tt*ani:^5-rJr 

[0 0 0 5] -^LT. M«rzig$nTt,^;5>©/ii^. i^i^r^ 

Siite^'-^-fb^SlE:^©;*!'^^ i^Tij^Hf^^iJM L/ct)©T- 
«>^o cfit-oiDXi^ti. maJ:^tm^^-^'-€-(D^t 
J; t) l^*^IDX*^T9 /cfeJl^^;*--^-©SDX©J® 
i^'^t^T^-So C©jDX&©^JiLT(*v 
BbjtEEM (Elastic Emission Machining) (#113^ 
1 - 2 3 6 9 3 9-f-<2r$g) -Pzf^X^CVU (Chemical 
Vaporization Machining ) (#M¥ 1 - 1 2 5 8 2 9 
^<Zt?E^) *-<*;5o EEM«. «&^^i:MSDX#lH©'fb 
^SJES^fiJ^ L/C ^> ©-Cs MJP4©i|f tt^a/i 9 - i /a < 
il^:t-;?'*©JOX*|imLTl^5o t/Cs 7°5X-7CV 
M{i. X»flE7°^X>^>T^J5gL/c^-:^j!77l/<i:»Xiai 

t©7i^*7usf£:*s^L/tfeoT. m^^-ir(omJi 

[0 0 0 6] 

[»Bj;6^pgfeLJ;9it-^l?S] iC6T..llri5©IIM 

jox^^«wsT{i. mmtmaJL<^f^mm (Nac 

U NaNOs. HF. HCU HNO3. NaOHIp 
©Tk^iig) i O^^-fb^Kl^f SI-^M «w J; -o TiDXA^ii?T 

[0 0 0 7] -E-CT. "fttSO^'T^U* 'Jtt 

©m^?ST{i7jc^S (OH- ) ;^)^•JDX{rf¥MLTt,^^i 
'&n/j:^.i^^*/i:/&':e.OH- *^:aLTl^'57Kfw 
J;oTt>SDX{4T#-5<t©iS^fCSo7to ®*g7K't'©0 
H- ^fIJMLT^I□X*^-C^ni^. jDXMf::^^«t^*^$ 

/i:l-^»^/j:iJDXi■<^Tx.. -€-©^i^{±¥^^**:|iiiit^3-^*(± 
l;Ji>x ^f^HJ^l^i^giJ^n-So L;6^L. j@*fe7jc4'fc-^ 
*ti^.OH- SKft. ^^-^{r^^^Ts 2 5°C. i^fffr 

tJ^,^T 1 0-7mo 1 / ] gS-(?*^C<hi*^ft]©»:^f 

V^^A-^fT^^nTIr >5 <t I ■> ^ /:F*g^©|S-g'{ic: n* T©<t 

[0 0 0 8] :$:f§Bfl*^•B1J^ROt»ta^::^.^s K^LXot 

^©OH- ^MmLX^»\zmJjtZ>:iti)<t;at<0 
ISI^frSo'^. ®^ifi7j<4'©OH- ^ffit^T^SDXi^CiP 
XtE{c:^ai!^<&a^-r<w®^/j:jDX*<?TX.5± < ff Ll^ 



JJDX^ S ^ tl« t- ^ -5 o 

[0 0 0 9] 

^ U < fi^Yki^mBBESOXt- -5 C <t i -r -5. MJifeK 

""^■[0 0 10] Cd-C. lijiaTK^SifSDiilSt LTs MJit 
7jc4^{rr^PS*gi-^TBEl§: L/C— 5^X(*^tlJ^i±OI|@S 
trmgt^iSltU. H*i67j<;^^«.:0-PLT''j:^Ci:. 

mm^i^'^nM^^mi'-cti^zt. *>^i^(±s*£7jc+{::sE 

[0 0 11] -^rUT. |lfKR<Z)7j<e?«lSSDMSi:#M U 
.T. |1Ifa»X,!g)*^@i X(4teiDX^cDmfe*J« 
<Mi*LT. KI^SDX®OgM»r7j<:^S-r;i->^5l*^ 
■^X^ t61lDX!ESji£'e^©7j<KS-1';i->OSS*lSi6TflnX 

[0 0 12] 

^oiinx:36-fe©m,#.i±. ?S5|5®^pjox-c©s:ic;«t«fc 

^j-r^SF-aj-^-So S^SdX (Electrolytic Machinin 

X®T-«^.K^<i:+> >y 7°0. 0 2~0. 7 mmT^fR] 
$-yr. 5 ~ 2 0 V©ild?£^ff 3 0 ~ 2 0 0 

A/cm2 ) ;£•EP^J^^-^i^TiI0X^^T•5 t>®T*>5o -tl 

[0 0 13] se*©^Pi(rax«rfcij-5SJS:^lto 

■ ?et«-ffil>TF eOIIP^DX;&^T^/c^•^^ -^-CPSST© 
Sr£:SS it—mz {lJ!i(T© J; J^f -5 i ^ tiT I ^ 5 o 
(B) Fe-*Fe2+ + 2e Fe2t+ 201" -'FeCl2 (1) 

(1^) 2Na+ +21l20+2e— 2Na011 + II2 (2) 
CL-p LXm^X?t^LfzF e C 1 2 ifigfiBTlg^ L/cN 

FeCl2 +2Na0H — Fe(0II)2 + 2Nat + 2C1- (3) 



Fe + 2!l20 ^Fe(0H)2 + II2 ^4) 

[0 0 14] ^zx. mmt-t^ioii. ^ a)x^io. 

COSttrfcl^TI*. N a OHA<C©t*©?^-CF e C 1 
2 iSlSbTl^^ J;-?{C^x.^o Li^L. NaOHjr-:? 

TliN a OHIi^J:©!?; (5)© J; ^ l::N a + iOH- <i:(r 

NaOH^Na+ +0H- (5) 
tfi^c C©iliS«-#it.-rs<i:. S; (2). jE; (3)ii. 

2H20+2e— 20H- + H2 (6) 
FeCl2 + 20H- ^Fe(0H)2 + 201" (7) 
tti>J. 55 (1). 5t (6)^ SE; (7)^ia^ft]x.^.iv 5? 

[0 0 15] Z<D^ (l)*^t>55 (3)©SlSi§§i:x iS; 

mr^}r*ji'>TN a OHi#>^)^•^©£^c;fc*-^LT*^t)•x 
— :)5-^^ iJ I- >T l± N a O H *<migt-r 5 i J; t. 

(DX'&^o zzx. OH- (i^^4'/ciJ-T'/j:<-. mm 
7k''j:7K©'=f'fCt>giS (2 5'CfC*>l,>Tl 0-7mo 1 / 

O •r{i*'5*<#:a-r5o ^foT. ±.KB©#x.*St::-r 
tilS. mmyK^coOH- mmir^ztXTJ\^ti^)mWL 
4'<i:iII»©**^©JlDX(ioItg/ci:t,^-5 C ijcnj:;^,, 

[0 0 16] U*^Ls fixE©$D<. ®S3e7K4'©OH- « 
^m.X$>Z><DX. ^MKl'^jrJlDX^DjtKr-r^f^fi. ^^I^ 

^Bjii, 'ft6©^^^fiD;t-5-in£<. je^&TK^-COH- 

«g«*Jt:*:$-i±-c. mm.\zmmt^nfz^x<omPt<o 

mH^fsoZHZh^o m-oX^ 2f:%B^®jDXT«?fc6P 

[0 0 17] 3^%B^©j0Xi^Siix ^^7K4'©7jc:9-^^ 
Iggf ^fi£$n^7KS?«X{*7j<^*l'^>*?SiJDXife 

^W3tim^^^nz>^<DXibZo 

[0 0 18] o^t). lJDXXA<t''i^7jc®«X(i7j<®?* 

^ >3S^ma6X(ito!«S58^*^-r 5 @^^ST-©<b^S 
jESfr i o T^fiJc-rn«. C © J; -5 ^CTKiS^XJiTRSgS-f 

&f)»rspx$n^= ^^oT. 7i<s!?«fe^i^(±7kK«i'^> 

^•|§^$-ti:'5*J^©?gt)c'&I^SDXi^gffi{ce^-r'5. 

*pi^5e^jraxA<prtBT*5o 7j<i?s«)5t,^(i7j< 



3 




CO 0 1 9] *^B^OSDX:;^}*JCfcl,>T. (SD 

^l<^-5lll*>'i.7jcS?SltSDi!!;S*mtl«. OH- '^^^E^ 

T'OH- ^l§SD^-arSC<t*-<Jft ^fi«Jjr¥«ni: 
t<cSiTOH- ^ifJn^-ti-Tfc. OH- CO>i^^^^&Z\,i' 

CO 0 2 0] ^(Dymmi^taumtLxii. mk^'piz 

F^pi^ei, ^Tis^ L/C— >^xfi-&n«±©^sr^fcmgs 

i^BEMS) . *>5i->(±S*67jc<£-iS?g^ JSE^rjjt^L^j:*^• 

Tbmmx^iZo 

C 0 0 2 1 3 ^ LTx Hli5R©7jcS!«iiJin^!iS<t#ffl U 
BljS?SJDX®^l^;gi X(ilS^ftlX®om{a:^S 

<*i5#LT> m^^rct-3T^^^^ox^^oSMfC7K^^-I' 

;4->*5[^«-y:T. MilQX!^:l£'^®7j<i?S'l'^>©^ 
*?«feTSDX^-SCi:A<||^«Jt?*>So tti. ±^Liz 
OH- <»:H+ i:d<||$S'^LTH2 OiZM^OimiirZ 
fzli)\Z^ 5Sm#^AMjT!6iJDXig^jrOH- 

7k^eR®o-g-^^Ml-'5'S<i:T'H+ -f^>^iMUmc 

CO 0 2 23 25<:{r. =§-7jcg?*it»Dtoafroi,^T!JiH^^ 

@^7K4'(C#:&-r5f'^>fiH+ . OH- (D^ 

- 4 



f ■ ■ 

»riiOH- *^^tS:^?^Ef "SCitCTi-Sc :i<D^miS.^<D 
OH- f-ct-,-. l^@i:''<£-pTt^^«SDX!i/*ilDX-r^ 
OT*)-5c i£llDX!^©SDXfi!i. — j5S:(r7 7 

:^'-n>T*»)^ ^iSS^SA^JSl-^Sx ^IPXjIS*■<ii^,^C 

[0 0 2 3] ssKm^asfi. ^^setK^sSv ffifffc^t 

^LTJ^CStoa-Cit). ^^*OttiLeT(t7jc©i';^->a*< 

£E::^7:S(>--fi«{C'(fe# bT^®^S^SA^^-fb1-;5 C i^fij 
^t--5*>©T«.'5o 11 1 (i. lOOkbar (IQlOp 
a) ^ 10 0 OVtX'Omm^. ^BBE^«(C*^l,^T7K 

>aKwcb®Sp©ll#©i!'*5:7T*)So Bi> 'r;r>^ 

pH (H2 O) = - I o g CH+ D = - 1 o gKwl/2 

CO 0 2 4] ^^>mt£:fj. sa©l8«©1S[pi(*lK^a 
JKT©J:-?T'*5o 5fe-r. 1-1 Ok bar <Dm.WXEEtl 
—^(D^mz^h ^T^i:. :t >m{tfMLSt(D±mzm ^if 
jDf 5*-!. -e©^#(*#«frz^ii'^Lx $>^SL^XMmM 
izmL-^z'^{ti§L&(D±^lzm^iJ^'J'^-t^o 3 0-10 0 
kbar ©|gfflTff:ti— ^©^#{::^^^,^T{i. ^ir>mi.t 
*iH«iDt-5o as— ^©^fr^c*^I,^T{±. -Y:^ 

>a^±£E:tl©±tftl^r#^,^lt^[]■r^o t/c. Sg— ^©^ 

^-5o ■fi^x.Jix 1 . 0 g/cm3 TMS (2 5'C) 
*^t.2 0 0'C^-C±^$-tir/c^-^. 7j<©-Y^>aKw{± 

1 0-14 ^i^t,f^Jl 0-10.118 m.mzmim-tz,-:f5xs.-ti 

(± 3k bar (3xl08Pa.ltj3000 ^E) Jb# 

c 0 0 2 5 3 ^^sKff • mM^m.\t. mm-y^.^-^^. -m 

^X!*^tl^±©m^F^{r«eii<&gfuL.. 0*67j<^mm:9- 
t^m.-^-^fzha:>x-n^o 

CO 0 2 6] m.m.7K'¥',zwM.Lfz^ 
;t y^w^t^^m-rz>mwmmx'<D'm.m.i\:mKm^mm 

{^XtiZ^mxib^O. >l';i->3£^«MJKXI4S7jctt©ft 

•r^ia#:g®©iniy(r^s<i:i^s*iesLTs mwsm 

t^^fiEL^OH- *KS{BUfr. H+ <&l*S«afr5lt$-tir 

X^m L^ BSt LTffll^/c^SSDXiaXfiK@©:;5'^{C 

laiSL/ciSjjnxi^^OH- izx-oxmJL-r^ox^^o 
'S:mmmL<itmmtu '^i^tf^mm^zmuLfz'^E. 
CO 0 2 73 y^x-vt&mit. ^M7K(c^mii^®^s 



[0 0 2 8] ccT. ^^Bjojnxi^Sti. mmK'^o 
OH- (ci-^T&fiaXi^^jox-raoT^'SA-'. Jdxa-5 

^feB> J; ^ ^-fkism J^5«IDX T- « 5 *^ (i . tK® » ©i*^ 
S/i ifCDSDX-'N"^ y -*iSii5-r -5 •! i fC ck -o TSiR 

[0 0 2 9] 

[^«»J125^{:. ||^(Cife!JDX®^SDXU)tAf*:^J«-* 

3 >3£^*!iS<£-SRM iSifOXi^t LT S i 

fe. -S-^-ffeCSlcSlgO^JS^Ml^TSoXOlliJE^^-?? 

[0 0 3 0] (HM^JI - 1) S2{C:g^-ri-5{C. ^® 
fiO^&S i. l*ffi«0*IlIe^<tbfc^DXil«*ffl^^T5l 



[0 0 3 1 ] 2p:|li£^J®flDX^tt(i> m 2 iZmi- J:: o 

S i 1 (°]^^g2 i:^4=^+-y^ 

^W:^X7m 3 L/c^^7j<4 ^JCgig i^JP4 1 

n> [D]gl|S2(*ZXx--:^7(r@S$n/c^r-:i'8® 
[s]gl4 9 (Z$4:S'iS]) ©5fe!ffifr@S$nTi^^o fJi£l^ 

m@2 <i:©4-> -y 7°HPi*-S-fe^a^&tl{itg'&a35T'sa 

a. -E-n-^-'nsas i o c 'j - 1 1 . 1 1 m^^dv ut 
mm2itmi&m.mzmw-^tix\,-^^o mss^wsm i iue 
;5o ^/c. iirE7Kflr3*#a6^«ifp^©5&^f*mi&^-»' 

>/<-! 3l^»riR^L. Km®:5^i'>-'<- 1 3©F*9Si5{i 
A r :7yXTv?- i> L-Tl > -So 

[0 0 3 2] BliiaiiI6^S2©$^iis4<J:UTfi. OH- ^ 
H+ frj;-5Tffi;§?n'a('''*>©*Mi'->-5itMI*-=*)t>s Au 
t ^ tl^o :*:^^J-C(i. A 1 ^©Sffif: 

telS^JiotJr J;-cTN 1 0 //m©ji:${Cu-7^^ 
'5-©±f:^»s:>-3#{r J;-3TA u^3-7^^ > 
^Lyrt.©*[s]e^@2 t LT^l-^/co 

[0 0 3 3] mmms (Ks©M^i <t^s©[ii 

gl;®2 <i:©r^) jrE|]SD-r-SISSS^<'l'TX*— ^(CU 
^ + -y :7°^IE'fb $ -a:T m.mfkmimn $ -yrX S i trfpM 

-r-BOH- ©M^lfSD :*-§-© S i ©^-fbCfil^^ 

is^ L/co iiDX^#:R0Jirax*§m^2)j©g i iz^-to 

[0 0 3 4] 

[SI] 



Nc. 






CV) 


(ncD) 




(hr) 


Nc. 1 


3 0 0 


8 


0. 1 i 




itifc (JKS::0.05--0.12^m) 


Nc.2 


3 0 0 


4 


0. 1 1 




g{fc 0.06-0.1 urn) 


Nc.3 


3 0 0 


2 


0. 3 2 




Wt^t (JKS^:0. 08-0.1 irm) 


Nc.4 


3 0 0 


1 


0. 8 9 




(mJ^:0.4 -0.5 ^/m) 



[0 0 3 5] ccT. mi '^ommommt. Mffss; 

S 2 LTl >^ ^'C^a5^3-*<ft < f&& 

^@©'^>-lL^A^t.jS^*^5^r-:3nT4^•^ -y < J^i 



'^jK <tfc^jSS«a*^0. 9mA/cm2 ggJiiTTIi. 

[0 0 3 6] (HiS^^ij 1 - 2 ) ^gEffiS^JfJa^ 

'€-OSDX^S©«EBS*^L/Tt,->^.<. C©JlDXS{l(±. 23 



7 -y <t^f- u >mm ( P T F E ) SO^SI 2 0 izmz L 

2 2. 2 2 2 3 i:^ LXW-^lzm^ 

2 6-r®HL/c«ii*WU -eOF^SS^A r;<fXT^N°- 



[0 0 3 7] m^cr>mMmi - 1 <t[?l«fr. MfSil^f 2 
2. 2 2JCl[cfu^<^7x*eplJDLT. JOl^M^/Co 
®ADX^f^<J:ijDX*S;^^iiiT©^2fC^U. C©m^^ 

[0 0 3 8] 
[S2] 



No. 






(kV) 


(hed) I (aA/cn^) 


(hr) 


No. 5 


. 5 


1 1 1. 7 


1 


®{t ClgJS:: 0.15-0, 2 x^m) 



[0 0 3 9] cm&mi -3:) ^iz^ ^^mm^Mizi^ 

iro^-i+^SS^T. i^®€-tttt©il@t LTliDX^a;-^ 

/Cc ia4(i. -eojDX^SOetBS^^^o -©ilDX^g 

(*. ^&!^^3 0rtJrieL7t7j<«3 I(rj@|se7jc3 2^?^ 

3 4^^*6*3 2iziS:»-t^tt^i,z. ^m^t.''j:5if 

^^ms 3 5 'Srmum 3 4 izmmzm^cT)^-^ -y 
T^^jf ^ 3 3 izmM Lxmmzmm<i 3 2 ^fjcset 

Igag3 6A^^.5m3 4{rX^flE^E|Iin-r'5i:<i:fe{r. 



5=&^^mzmwL. Wizm^mm^^3 0* 
[0 0 4 0] Buiifio^^ij 1 - 1 tmm^z^ mmm s 4 

©^^iEffiSTfeSnX(i®?'fbiSJK?^^tinXT* o iZo 
[0 0 4 1] 



mm 

Ko. 






ikV) 




(mA/cn') 


(iDin) 


No. 6 


1 0 


1 


7. 9 


1 0 


mt GK®:0.35/xm) 



[0 0 4 2] JB(±®M«J;I9, ^$inX#*-tS i iZ-z>\,^T 
(4. Sj^SKi-^O. 11~7. 9mA/cm2©SgHT 

[±s soxfi^-fbifiMJ^fiKJoxT* -o y-co m^. ^^-^x 

■fb. Saffi^rb. 7jc^^g?<b. jDBEK'fb. y^X-eie-fbs 
[0 0 4 3] mmmmm<t'^m<ibar):^m-cit. m^m 

©#tti4i2i3flsI«T*) ^ cDizici H^^^^-fbir i ;s 
:5ftT(4mYbM®®S(±fi6©:^i*J; »3 fcA^^j < . 
jmi^feit!i©:srjSi:it-<T4itjt./h$i,>o ztiii. mm 

<^m^^^^fzi6t^A.i>ti^o *%s^©SDX;^i*-r 



'fb]^<i:*FT- I R (Fourier Transfer - Infrared Spe 
ctroscopy ) (B*^?t«. FT/IR-3M) A 

E S (Auger Electron Spectroscopy ) (C J: o L 
3to FT - I R©:9-WM^*>t>(4. 2^^sg©^-fbm(4. 
— fiS{C-rx<-rxS!i£{wMt->t>nTl,-'-5«<,S?'fbMJ: t) t> S 

i -0M'^©gA-«i!?fj:!,^ci:*-!^3-A^-:.:fCo LA^L. — ^ 
T-(4AE S©:J3-^*£;^;eiMii±, *^Bg©@S'fbm(4«iM'fb 

T. K'fb!Sm?^^JnX©SDX^#^^i®{r-r'5Cifr j; 
^^TK'f'T'S i ©l;SS^E:$^Tx.(^. f^KYbKfrEE 

[0 0 4 4] cmmm 1 - 4 ) f!r«noiiiE«!!i 1 - 3 ©jd 

X^e^^ffi L> fit^i: tTCu, Mo. Fe. Al© 
i;DX^IS;5»-/Co 'E:©SDX^#iSDX*S^^j«T©a4jr 
;^Ls C©jDX^fe#T{4C M o (i^^iJDXx F e> 

A 1 {tm^mm.mi&ijaj:xi>',fzo 

[0 0 4 5] 
[S4] 



- 6 - 



■T-f 






CkV) 


(ma) 


CmA/cra') 


(min) 


Cu 


1-2 


1 


4 0 0 


I 0 


f^^mx (O.ZSnmVA • nin ) 


Mo 


0, 5 


1 


3 8 


6 0 


f^&SlX (0.44iimVA - Bin ) 


F e 


4. 5 


1 


1 6 


6 0 




A 1 


6 


1 


1 2 


6 0 


mt (mi?: ISx/rrJ 



ctit>{is C uCK^bf^C u OS.;>'Mo©g?'fb'fe;Mo O 

7jc4>{rmn. ^7tMo©jDX^T^©7jc©— spfrir-e,©" 

t>®^j<4'T'©mssjc;j-i^iinx^ *^XA© — D© 

iift-rOH- ^H2 0;6<5C#-r^C<i:frJ;^TK-fk*<* 
-e©M'ffcia*-<HJCOH- ^H2 Od<M^L/c{5rt,*N 
©MS-rffifegf-T'S c iT-^^SnXfr^i^a <ti->-? tT^yi/ 

[0 0 4 7] (Hitefij 2 ) :^mmm-v\t. mmjv.^n 

Jg> BffjrM»UT^M7jc+©0H- gS^lt:*;$-li:. 
j@M7K^{CS*Ufc?SiDX#*tinX-r5 C i^l^-^fco 

0 g/cm3 cD7jc*. ^CL/C 
2 0 0''C*TzaS^Ji»$-ti:'S<t£E:d{4 3 0 0 0^ 

Kti^^ 4 0 (^nUKm-^ 4 1 f^{C^js£7jc 
4 2 ^-M/c LTtH^ -y ■fbJ:.^^ b >^»fliS©^f5 4 3 ^ffi 
fiU. jS*e7jc4 2tp{^S iS©Si|44 4^^^U 
ffi:^3^S4 0onSfr{4iral^ia©-fe^ 5 'yi^h-:J'-4 



S'^^IIL. S{r-€-n^8lf^**4 6fSo/c«jt©t>© 

Twt)^ •fe5iv^b-:f-4 5JC(4x5'l':J''>yi? 4 7 

§14 0{C5tl4$-ti:/cf^^?t4 8T«t-^o HufS,flE:^)^ 
g4 0{4. 3 0 0 OSi.fffwWx.'S Jc-pfCfgfh^nTfc 
(3\ iR#^r^4 1 *Wr^^^*:<*4 0 a <i:^^4 0 b 
^ 8 ^©*'7U h 4 0 c T^Ja -^fssfz^ 4 0a 
4 0 h titmmOi/jX^y 1-4 0 dT-®WL/ct>©T'^ 
5o ^fl*<*4 0 a i:^#:4 0 b tit. >U 

Xii ( S U S 3 0 4 ) TfPS Lv 'fOb h 4 0 c ii. ^*]^ 
X > =k I? fe/jN § !< ^ H P M 2 SS-CfFS U 

[0 0 4 8] mtE.UM4 4 i LTii. JJ^ 4 0 0 
W^(^A^t<l X 2 cm©S i x.-'^—'&m^^^o fiJM 

?ft:9-^'t®flfc©ff tX^a^l? »? . 2fefC 5 % 7 -y 3 0 

MtK (zfeK) ^-ei 0S^H^5fc^^^Tt.v +;S-JC^^^-a: 
Tto SOXfutr^ C©S i '^I>'^-©S**mg:^-y— 
■raiJSL/Co SDX^#S.(:J^fiDXJimi:L'TSDXtlrmfii: 
jDX^SS^e>t©S 5 {Cg^LTt^So 
[0 0 4 9] 

[as] 



UDXIfel^ 












^IDXHrjg"a 


jDX^Sfi 




200 V 


3000^ 


10.118 


Ihr 


3 2 9mg 


3 2 7mfi 


2. 1 jii m 



[0 0 5 0] crT\ mJimm^c-^i^-Lit. ^.wm^^— 

^'-A^2 0 0X^ffi^LT*^'il^g|5SJJ;^^©@S£7K© 

lBtr^©JJDX>&^f -ij/co S4'©jps^ii^s{4. K 

[0 0 5 1] (HMfJS) aeCa) JiaXb) {r^^J;-? 
^^J:lIDX^S$ffi^^TC utE©iinX*^^7to ::©Sdx^ 

eii. ^fs5 0rtlC-iS/cL/c@*i£7j<5 l^-tr. ^fiStnc 

^fi^^st5 5 2 tw^mtti.^c umcDuns 3^—^ 

-r^^fS^gy^ (Nafionl 17)5 4*Es9:L. hJIS^SI 
5 0 ©^{*:^mffi^g| 5 SrtfliR^LT. -eortSC^A 



;f>3£«llBI5 4*^.^re^mSffi5 2*@SU> ^+ 

-y 5 6 ©'teffliMffliKcfrfaK^ 5 3 

c ©t>tEiT®*ie7K 5 i^izmm-r^o :i©«-^. ^ 

■^'>y7°X'<-■^^-5 6 ©MP 5 6 a©rt^<r%S#i£7X5 
li^M/c^n-So ^c-LTx ^il5 7A^t.mri^e^mSffi 
■5 2 <tW$4 5 3P^{r. i}aX'pizm^mt<-^t^iZJ^r> 
izm.^um.E.'&ma Lfz^ jnx^^i jDX*s^^2>:©g 6 

[0 0 5 2] 
[«6] 



- 7 - 

















mm 


1 X4.5(cn)^) 


2 mm 


4 0mA 


2.35 nmVA • cin 


7raX2 


1 X 3 Ccm^) 


2 mm 


3 0 mA 


0. 83 maVA • min 



[0 0 5 33 ccT, S6'fo^aIUctel^Tti> s-r 

JPX 2 fct, ^Ti*. >3Siia^^fe^^7jc(C+^_ 

L/Co SDXlT'(i4 OmA©mof£'(i^a^-r 

X2T{±3 OmA©mj?itffi*5i«-r'5fcfefwWSn Ufc^S 
Eit 600~1400V (C/X /Co 
[0 0 5 4] C©'1':t>^mMSJrJ;oT0H- ^gf* 

±iJD$-ii:^inx::^&T'(i. -<:t 

#^Jg^*©XA*lif®i ?SllDX#»*-fiiS<i: LTSnX 

n!i. xB.©j^tt^?sjnxt){we¥-r^irax (g^ 
SOX) -(7s:iy^mi'^mmi,::-^-t^v^\-m.m^ 
mmt LTffi^,^^^{i. ^@©^^^DX«&*^Bf•r?.^^IX 

(«;WrlinX) *<prt6T*5o 
[0 0 5 5] 

[^B^©x&m] «J^{r L/Tn£'5*^HJ©^M7j<:'f'©7jc®S 
H+ s OH-^5,?H2 0©<^*^#ftL. #^'f:^>*0 

ltW-^'.^<i- 1/ ^ ©T\ ii-as*^ t. ©^T^^sfi'i^oifiS'f 

^T'^nti. ^^{c«^''i:#ia«,^'T©jDX*^Drtg-co 

So 

®^|5£7K©<6»-^ttffi-r'5fcJ6ft]X3X h 0:^*1 ^AfSj^fe 
[ai] SSi:E*'$-^N°7>-:J'<i:U/c7K©®S<t-l';t 



[11 4 3 7j<®SS±tSaMSiL.T^^MS^5pML. itt^ 
[0 6 3 7K®?*itSD5iiS<tUT'r';i->3^mMS*$SIIL 



fctinXSS^S^b. <a) {iS«©1SB&ifMI 

[^^-f•©!^^BJ3 



(b) 14^ 



1 
3 
5 
7 
9 

1 1 

1 3 

2 0 
2 2 
2 4 

2 6 

3 0 
3 2 
3 4 

3 6 

4 0 
4 0a 



2 
4 
6 
8 

1 0 
1 2 



"KM 



SJpf (^araXiKJ) 
4 0c ^ryu h 

4 1 F^asst&a 

4 3 ^fl 

45 -»r5 ? y t-^-- 

4 7 X5l'^'-yi5' 

5 0 

5 2 g^^StS 

5 4 IS'f;t>'3£^M 

5 6 -y 7°X'<— 
5 6a ^TP 

5 7 Sil 



2 1 




2 3 




2 5 




2 7 


i!m.ISls I" 


3 1 


7jC« 


3 3 




3 5 




3 7 




4 0b 




4 0 d 




4 2 




4 4 




4 6 




4 8 




5 1 




5 3 




5 5 





- 8 - 




im5i 

40d 




- 9 - 



[1^6] 




- 10 - 



•Searching PAJ 



1/2 ^— V 



MEND 



1/1 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 



(ll)Publication number: 10058236 

(43)Date of publication of application: 03.03.1 998 



(51)lnt.CL 



B23H 3/08 

C02F 1/00 

C02F 1/42 

C02F 1/46 

C02F 1/48 



(21) Application number: 08212517 

(22) Date of filing: 12.08.1996 



(71) Appiicant: 

(72) lnventor: 



MORI YUZO 
MORI YUZO 



(54) MACHINING METHOD USING HYDROXYL GROUP IN ULTRAPURE WATER 



(57)Abstract 

PROBLEM TO BE SOLVED: To purely machine a 
workpiece without leaving impurities on the machining 
surface thereof by removing the impurities, or forming 
an oxidized coat through a chemical elution reaction 
or oxidizing reaction process using a hydroxyl group 
or hydroxyl group ions. 

SOLUTION: Water molecules in ultrapure water 4 are 
ionized and a hydroxyl group or hydroxyl group ions 
so generated are supplied to the surface of a 
workpiece 1. A pure oxidized film is formed on 
material surface via the reaction of workpiece atoms 
with the hydroxyl group or hydroxyl group ions, or 
material surf ace atoms are removed and a desired 
shape is obtained through the repetition of the 
process. When the hydroxyl group or hydroxyl group 
ions as machining aids are generated via chemical 
reaction on the surface of an electrode 2 positioned 
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near the surface of the worKpiece 1 or on the surface 
of a solid having an ion exchange function or a catalytic function, workpiece surface in the 
vicinity of the surface of a solid generating such a hydroxyl group or ions is preferentiafiy 
machined. Thus, the shape of a material generating the hydroxyl group or hydroxyl group ion 
is transcribed on the surface of the workpiece 1 . 
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MACHINING METHOD BY HYDROXYL GROUP IN ULTRAPURE 

WATER 
[Abstract] 

[Problem] To provide a completely new machining method 
by hydroxyl group in ultrapure water, which can 
perform a clean machining without leaving impurities 
in a machined surface of a worJcpiece by using OH" in 
the ultrapure water on the basis of a recognition 
that, if an OH" concentration in^ the ultrapure water 
is increased, the machining can be sufficiently 
performed by utilizing OH" . 

[Mean for Resolution] Only an ultrapure water except 
slight amounts of unavoidable impurities is used, to 
this a hydroxyl group increase treatment for 
increasing an ion product is applied, and a worlcpiece 
immersed in the ultrapure water whose concentration of 
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the hydroxyl group or hydroxyl group ions has been 
increased is subjected to a removal machining or an 
oxide film formation machining by means of a chemical 
elusion reaction or an oxidation reaction by the 
hydroxyl group or the hydroxyl group ions . 
[Claims] 

[Claim 1] A machining metb'od by hydroxyl group in 
ultrapure water, characterized in that only an 
ultrapure water except slight amounts of unavoidable 
impurities is used, to this a hydroxyl group increase 
treatment for increasing an ion product is applied, 
and a workplace immersed in the ultrapure water whose 
concentration of the hydroxyl group or hydroxyl group 
ions has been increased is subjected to a removal 
machining or an oxide film formation machining by 
means of a chemical elusion reaction or an oxidation 
reaction by the hydroxyl group or the hydroxyl group 
ions . 

[Claim 2] A machining method by hydroxyl group in 
ultrapure water set forth in claim 1, wherein, as the 
hydroxyl group increase treatment, an electric current 
is flowed between one pair or more of electrodes 
arranged in the ultrapure water with an interval being 
provided between them to thereby electrolyze the 
ultrapure water. 
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[Claim 3] A machining method by hydroxyl group in 
ultrapure water set forth in claim 1, wherein, as the 
hydroxyl group increase treatment, the ultrapure water 
is maintained at a high temperature and under a high 
pressure . 

[Claim 4] A machining method by hydroxyl group in 
ultrapure water set f orth ,in claim 1, wherein, as the 
hydroxyl group increase treatment, while maintaining 
the ultrapure water at a high temperature and under a 
high pressure an electric current is flowed between 
one pair or more of electrodes arranged in the 
ultrapure water with an interval being provided 
between them to thereby electrolyze the ultrapure 
water . 

[Claim 5] A machining method by hydroxyl group in 
ultrapure water set forth in claim 1, wherein, as the 
hydroxyl group increase treatment, an electrochemical 
reaction on a solid surface arranged in the ultrapure 
water and having an ion exchange function or a 
catalyst function is utilized. 

[Claim 6] A machining method by hydroxyl group in 
ultrapure water set forth in claim 1, wherein, as the 
hydroxyl group increase treatment, a water plasma is 
generated by applying a high frequency voltage of 
frequency whose dielectric loss is as mall as possible 
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to the ultrapure" water to thereby ionize or dissociate . 
the water. 

[Claim 7] A machining method by hydroxyl group in 
ultrapure water set forth in any of claims 1 to 6, 
wherein the workpiece is made an anode or an electric 
potential of the workpiece is maintained high to 
thereby attract the hydroxyl group ions to a surface 
of the workpiece. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] The 
present invention concerns a machining method by 
hydroxyl group in ultrapure water and, more 
detailedly, relates to a machining method in which 
only an ultrapure water is used, its ion product is 
increased and a workpiece can be subjected to a" 
removal machining or an oxide film formation machining 
by hydroxyl group or hydroxyl group ions. 
[0002] 

[Prior Art] In recent years, under a development of 
technology, the development in new materials is 
advancing in succession, but a machining technique 
effective for these materials has not been established 
yet, so that it is in a standpoint running always 
after them. 
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[0003] Further, recently, as a constituent element of 
all equipments is made finely and with a high accuracy 
and an article manufacture in submicron region becomes 
general, an influence of a machining method itself 
exerting on properties of the material becomes 
increasingly large. Under such a situation, with a 
machining method in which ^a workpiece is removed by a 
tool while being physically destroyed like a 
conventional machining, since many defects are 
generated in the workpiece by the machining, the 
properties of the workpiece are deteriorated. 
Accordingly, how the working can be performed without 
deteriorating the properties of the material becomes a 
problem. 

[0004] In special machining methods first developed as 
means for solving this problem, there, are a chemical 
polishing, an electrolytic machining and an 
electrolytic polishing. In contrast to the 
conventional physical machining, these machining 
methods perform a removal machining by generating a 
chemical elusion reaction. Accordingly, defects such 
as machined alteration layer and dislocation etc. by a 
plastic deformation don't occur, so that the aforesaid 
problem of performing the machining without 
deteriorating the properties of the material is 



m 



solved . 

[0005]And, a machining method utilizing a chemical 
interaction between atoms is further noted. This is 
one utilizing fine particles and radicals etc- having 
a high chemical reactivity. In these machining 
methods, since the removal machining is performed in 
atom order by a chemical reaction with the workpiece, 
a machining control in atom order is possible. As 
examples of this machining method, there are an EEM 

(Elastic Emission Machining) (Japanese Patent Laid- 
Open No. 236939/1989 Gazette) and a plasma CVM 

(Chemical Vaporization Machining) (Japanese Patent 
Laid-open No. 125829/1989 Gazette etc.), which were 
developed by the present inventor. The EEM is one 
utilizing a chemical reaction between the fine 
particles and the workpiece, and realizes the 
machining in atom order without deteriorating the 
properties of the material. Further, the plasma CVM 
is one utilizing a radical reaction between the 
radical generated in an atmospheric pressure plasma 
and the workpiece, and realizes the machining in atom 
order . 

[0006] 

[Problems that the Invention is to Solve] By the way, 
it is hitherto construed that, in the aforesaid 
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electrolytic machining and electrolytic polishing, the 
machining proceeds by an electrochemical interaction 
between the workpiece and an electrolysis solution 

(aqueous solution of NaCl, NaNOs/ HF, HCl, HNO3, NaOH, 
and the like) . Further, so long as the electrolysis 
solution is used, it is unavoidable that the workpiece 
is contaminated by that electrolysis solution. 

[0007] Therefore, the inventor has considered that, in 
the neutral and alkaline electrolysis solutions, a 
hydroxyl group (OH") acts on the machining, and has 
reached an assiimption that, if this is true, the 
machining can be performed also by a water in which 
OH' exists even though in slight .amount- If the 
machining can be performed by utilizing OH" in the 
ultrapure water, a clean machining can be performed 
without leaving impurities on a machined surface, -so 
that it is considered that its use is very wide 
besides a semiconductor manufacture field- However, 
it is a well known fact that an OH" concentration 
contained in the ultrapure water is very dilute and in 
the order of 10""^ mol/1 at 25*^0 under 1 atm, and until 
now there is no report of such a content that an 
etching is performed by immersing. Si in the ultrapure 
water for instance. 

[0008] A problem that the invention is to solve in 
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view of the situation mentioned above is to provide a 
completely new machining method by hydroxyl group in 
ultrapure water, which can perform a clean machining 
without leaving impurities in a machined surface of a 
workpiece by using OH" in the ultrapure water on the 
basis of a recognition that, if an OH" concentration 
in the ultrapure water is ^increased, the machining can 
be sufficiently performed by utilizing OH". 
[0009] 

[Means for Solving the Problems] In order to solve the 
aforesaid problem, the invention provides a machining 
method by hydroxyl group in ultrapure water, 
characterized in that only an ultrapure water except 
slight amounts of unavoidable impurities is used, to 
this a hydroxyl group increase treatment for 
increasing an ion product is applied, and a worJcpiece 
immersed in the ultrapure water whose concentration of 
the hydroxyl group or hydroxyl group ions has been 
increased is subjected to a removal machining or an 
oxide film formation machining by means of a chemical 
elusion reaction or an oxidation reaction by the 
hydroxyl group or the hydroxyl group ions • 
[0010] Here, as the hydroxyl group increase treatment, 
there is adopted the fact that an electric current is 
flowed between one pair or more of electrodes 
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arranged in the" ultrapure water with an interval being 
provided between them to thereby electrolize the 
ultrapure water, or the fact the ultrapure water is 
maintained at a high temperature and under a high 
pressure, or the fact that while maintaining^ the 
ultrapure water at the high temperature and under the 
high pressure the electrio current is flowed between 
one pair or more of electrodes arranged in the 
ultrapure water with the interval being provided 
between them to thereby electrolyze the ultrapure 
water, or the fact that an electrochemical reaction on 
a solid surface arranged in the ultrapure water and 
having an ion exchange function or a catalyst function 
is utilized, or the fact that a water plasma is 
generated by applying a high frequency voltage of 
frequency whose dielectric -loss is as mall as possible- 
to the ultrapure water to thereby ionize or dissociate 
the water. 

[0011] And, it is most preferable that, by using the 
hydroxyl increase treatment in combination, the 
machining is performed by means of increasing a 
concentration of the hydroxyl group in the vicinity of 
the workpiece by making the workpiece an anode or • 
maintaining an electric potential of the workpiece 
high to thereby attract hydroxyl group ions to a 
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surface of the workpiece. 
[0012] 

[Mode for Carrying Out the Invention] An origin of the 
machining method, for various materials, of the 
invention utilizing the ultrapure water exists in a 
question about a reaction mechanism in the 
conventional electrolytic ^-machining. The 
electrolytic machining is a machining method for 
obtaining desired shape, dimension and surface state 
by concentrating and limiting an electrochemical 
dissolution action (anode elusion or electrolytic 
elusion) to a desired portion of the material . 
Concretely, it is one in which the machining is 
performed by opposing in the electrolysis solution a 
cathode made in a desired shape to an anode that is 
the worlcpiece with a gap of 0.02 to 0.7 mm being 
provided between them and applying a DC voltage of 5 
to 20 V (current density is 30 to 200 A/cm^) . By these 
conditions, by means of generating the electrolytic 
elusion while concentrating and limiting it to a very 
vicinity of the anode, the worJcpiece is machined to a 
shape in which the shape of the cathode that is a tool 
is inverted, 

[0013] Next, an established theory of the reaction 
mechanism in the conventional electrolytic machining 
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is explained briefly. For example/ in case where the 
electrolytic machining of Fe is performed by using an 
NaCl aqueous solution as the electrolysis solution, it 
is generally construed that a reaction process in Its 
both electrodes becomes as follows. . 

(anode) Fe -> Fe^"" + 2e 

Further, Fe^^ + 2Cl"/-> FeClz (D 

(cathode) 2Na^ + 2H2O + 2e -> 2NaOH + H2 (2) 
In this manner, FeCl2 generated in the cathode reacts 
with NaOH generated in the anode in the ultrapure 
water and becomes 

FeCl2 + 2NaOH ~> Fe(0H)2 + 2Na'' + 2C1" (3) . 

Thus, if the equations (1) to (3) are added in their 

members, the above reaction equation becomes 

Fe + 2H2O Fe(0H)2 + H2 (4) . 

[0014] Therefore-, the equation (3) is made a question 
and, in this equation, it seems that NaOH reacts with 
FeCl2 in a form as it is. However, as to NaOH, since 
Na is high in its ionization tendency, it is 
considered that, in the electrolysis solution, NaOH is 
ionized to Na"" and OH" like a following equation (5) . 
That is, it becomes + H2 " 

NaOH Na^ + OH"* (.5) . 

If this process is taken into consideration, the 
equation (2) and the equation (3) become respectively 
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2H20 + 2e 20H" + 



(6) 



FeCls + 20H* Fe(OH)c + 2C1" 



(7) 



and if the equation (1), the equation (6) and the 
equation (7) are added in their members, the equation 
(4) is conducted similarly. 

[0015] If both of the reaction process of the equation 
(1) to the equation (3) and the reaction process of 
the equation (1) — > the equation (6) the equation 
(7) are compared, it is understood that NaOH itself 
contributes to the reaction in both, while OH" 
generated by the fact that NaOH is ionized contributes 
to the reaction in the latter. That is, in the latter 
it is considered that, if OH" exists, the reaction 
proceeds. Here, OH" exists not only in the solution 
but also in a water of merely pure water although in a 
slight amount (lO""^ mol/1 at 25°C) . Accordingly, 
basing on the aforesaid thought, it follows that the 
machining of the material similar to in a alkaline 
solution is possible by utilizing OH" in the ultrapure 
water. 

[0016] However, as mentioned above, since OH" in- the 
ultrapure water is a slight amount, in order to make a 
practical machining possible, an OH" concentration 
must be increased by some method. In the invention, 
the machining of the material in an extremely cleaned 
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environment is performed by increasing the OH" 
concentration in the ultrapure water without adding 
another solution. Accordingly, in the machining of 
the invention, a contamination of the workpiece 
surface does not occurs. 

[0017] A machining principle of the invention is one 
in which water molecules in the ultrapure water are 
ionized, generated hydroxyl group or hydroxyl group 
ions is/are supplied to the workpiece surface, a clean 
oxide film is formed on the material surface or 
material surface atoms are removed by a reaction 
between the workpiece atoms and the hydroxyl group or 
the hydroxyl group ions, and by its accumulation an 
aimed shape is obtained. 

[0018] In other words, if the hydroxyl group or the 
hydroxyl group ions becoming a machining tool is/are 
generated by a chemical reaction on an electrode 
surface installed in the vicinity of the workpiece 
surface or a solid surface having the ion exchange 
function or the catalyst function, the workpiece 
surface in the vicinity of the solid material surface 
generating such hydroxyl group or hydroxyl group ions 
is preferentially machined. Accordingly, a so-called 
transcription machining in which a shape of the 
material generating the hydroxyl group or the hydroxyl 
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group ions is transcribed to the workpice surface is 
possible. Further, in case where the shape of the 
material generating the hydroxyl group or the hydroxyl 
group ions is linear, a cut machining of plate-like 
material is possible. And, by adjusting machining 
parameters such as supply amount of the hydroxyl group 
or the hydroxyl group ion^) it is possible to select 
whether the reaction induced on the material surface 
is an oxidation reaction or a removal machining 
reaction. 

[0019] In the machining method of the invention, in 
order to increase a machining speed (machining 
efficiency) , the hydroxyl group increase treatment is 
important. As to the hydroxyl group increase 
treatment, there are a method of increasing OH" under 
a thermal equilibrium state, and a method of 
increasing OH" under a thermal nonequilibrium state 
(utilizing no thermal equilibrium) . If the hydroxyl 
group increase treatment is seen from a viewpoint of 
the machining, in order to limit a machining region by 
locally concentrating OH", it is preferable to 
increase OH" by the method not utilizing the thermal 
equilibrium. However, even if OH" is increased under 
the thermal equilibrium state, if only OH" can be 
separated or acciamulated and supplied to the machined 
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surface of the workpiece, it is possible to similarly 
limit the machining region. 

[0020] As the hydroxyl group increase treatment, there 
can be adopted a treatment (electrolytic treatment) in 
which an electric current is flowed between one pair 
or more of electrodes arranged in the ultrapure water 
with an interval being provided between them to 
thereby electrolyze the ultrapure water, or a 
treatment (high temperature and high pressure 
treatment) in which the .ultrapure water is maintained 
at a high temperature and under a high pressure, or a 
treatment (high temperature and high pressure / 
electrolytic treatment) in which while maintaining the 
ultrapure water at the high temperature and under the 
high pressure the electric current is flowed between 
one pair or more of electrodes arranged in the 
ultrapure water with the interval being provided 
between them to thereby electrolyze the ultrapure 
water, or a treatment (ion exchange treatment) in 
which an electrochemical reaction on a solid surface 
arranged in the ultrapure water' and having an ion 
exchange function is utilized, or a treatment 

(catalyst treatment) in which a reaction on a solid 
surface arranged in the ultrapure water and having a 
catalyst function is utilized, or a treatment (plasma 
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treatment) in which a water plasma is generated by 
applying a high frequency voltage of frequency whose 
dielectric loss is as mall as possible to the 
ultrapure water to thereby ionize or dissociate the 
water . 

[0021] And, it is practical that, by using the 
hydroxyl increase treatment in combination, the 
machining is performed by means of increasing a 
concentration of the hydroxyl group in the vicinity of 
the workpiece by making the workpiece an anode or 
maintaining an electric potential of the workpiece 
high to . thereby attract hydroxyl group ions to a 
surface of the workpiece by an electric field. 
Further, in order to suppress generated OH" and H"" from 
connecting again to return to H2O, a method of 
attracting OH" to the workpiece by applying a strong 
electric field or a method of forcibly eliminating H"" 
ions by such a means as using hydrogen absorbing 
alloys is effective. 

[0022] Next, it is explained about each hydroxyl group 
increase treatment. First, although the electrolytic 
treatment is a treatment in which an electric current 
is flowed between one pair or more of electrodes 
arranged in the ultrapure water with an interval being 
provided between them to thereby electrolyze the 
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ultrapure water, generally it is performed by using 
one pair of electrodes in which an anode side is made 
the workpiece, and applying a DC bias voltage between 
both electrodes. Here, in order to increase OH" acting 
on the workpiece surface per unit time, it suffices if 
an electric field intensity between the electrodes is 
increased, i.e., the DC bias applied between the 
electrodes is raised, or a gap 'between the electrodes 
is reduced. In this case, ions existing in the 
ultrapure water are only OH" and H"", so that in case 
where the DC bias is applied it follows that many OH" 
exist in the vicinity of the anode. By these OH" in 
the vicinity of. the anode, the workpiece having become 
an anode is machined. A machined amount of the 
workpiece is generally determined by Faraday' s law, 
and a quantity of electricity necessary for _ 
electrolytically eluting 1 gram equivalent of elements 
of the workpiece is F (Faraday constant) coulomb, so 
that it follows that the higher a current density is, 
the higher is a machining speed. 
[0023] The high temperature and high pressure 
treatment is a treatment in which the ultrapure water 
is maintained at a high temperature and under a high 
pressure, and one utilizing the fact that under a 
liquid state an ion product of the water changes in 
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its absolute quantity in dependence of the temperature 
and the pressure. Fig.l is a graph of a relation 
between the ion product Kw and a density p, which has 
been obtained by measuring an electric conductivity of 
the water in an ultra high temperature and ultra high 
pressure region up to lOOO^'C and 100 kbar (lO^'^ Pa) . 
Incidentally, a relation Igetween the ion product and 
pH is given by 

pH (H2O) = -log [H"] = -log Kw'^^ 

[0024] A tendency of the reaction between the ion 
product, the pressure and the temperature is generally 
as follows- First, under a condition that the 
pressure is constant in a range of 1 to 10 kbar, the 
ion product increases with a rise of the temperature, 
but its gradient reduces gradually, and after reaching 
a limit value at a certain temperature it reduces with 
the rise of the temperature. Under a condition that 
the pressure is constant in a range of 30 to 100 kbar, 
the ion product monotonously increases. Next, under a 
constant temperature condition, the ion product 
increases with a rise of the pressure. Further, also 
under a constant density condition, the ion product 
increases with rises of the temperature and the 
pressure. For example, in case where the density is 
1.0 g/cm^ and the temperature is raised from a room 
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temperature (ZS^'C) to. 200*^0, the ion product Kw of the 
water increases to a degree of 10"^"* to about lO"^''-^^^, 
while the pressure rises to 3 kbar (3 x 10® Pa, about 
3000 atm) . 

[0025] The high temperature and high pressure / 
electrolytic treatment is a treatment in which while 
maintaining the ultrapure ^water at the high 
temperature and under the high pressure the electric 
current is flowed between one pair or more of 
electrodes arranged in the ultrapure water with the 
interval being provided between them to thereby 
electrolyze the ultrapure water, and one in which the 
aforesaid electrolytic treatment and high temperature 
and high pressure treatment are combined. 
[0026] The ion exchange treatment is a treatment in 
which an electrochemical reaction on a solid surface 
arranged in the ultrapure water and having an ion 
exchange function is utilized, and can utilize one in 
which ion exchange resin particles or a solid 
electrolyte are/is filled between ion exchange resin 
membranes or between water permeable partition 
membranes, and the like. And, it performs the 
machining by means of arranging the anode and the 
cathode on both sides of the solid surface having the 
ion exchange function, attracting OH" generated on the 



solid surface to an anode side and H"" to a cathode 
side to thereby separate them, and machining the 
workpiece used as the anode or the workpiece arranged 
in the vicinity of the anode by OH'. Further, the 
catalyst treatment is a treatment in which water 
molecules are exited or activated on the solid surface 
having a catalyst functior;> and the water molecules 
are ionized or dissociated by a voltage applied 
between the anode and the cathode. 

[0027] The plasma treatment is a treatment in which a 
water plasma is generated by applying a high frequency 
voltage of frequency whose dielectric loss is as mall 
as possible to the ultrapure water to thereby ionize 
or dissociate the water, and is a typical method of 
generating OH* under the nonequilibrium state. In this 
case, the machining is performed by means of forcibly 
causing OH" in the plasma to act on the machined 
surface of the workpiece by such a means as applying a 
strong electric field. Further, it is considered to 
generate the- plasma by applying the high frequency 
voltage to the ultrapure water of a water vapor state. 
[0028] Here, although the machining principle of the 
invention machines the workpiece by OH" in the 
ultrapure water, whether the machining is the removal 
machining by the chemical elusion reaction or the 
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oxide film formation machining by the oxidation 
reaction can be selected by adjusting machining 
parameters such as supply amount of the hydroxyl 
group. However, the parameters are different also in 
dependence of a method of the hydroxyl increase 
treatment, so that ranges of the machining parameters 
for selecting both machini.ngs are not specified at 
present . 
[0029] 

[Embodiments] Next, on. the basis of concrete examples 
in which the worlcpiece is actually machined, the 
invention is further explained. As the hydroxyl group 
increase treatment, an Embodiment 1 adopts the 
electrolytic treatment, an Embodiment 2 the high 
temperature and high pressure treatment and an 
Embodiment 3 the ion exchange treatment, and 
demonstration tests of the machining were performed by 
using, besides Si, other several Icinds of metals as 
the worlcpiece. 

[0030] (Embodiment 1-1) As shown in Fig. 2, the 
demonstration test was performed by using a machining 
apparatus in which Si was made an anode side and a 
rotary electrode a - cathode side. As advantages of 
using the rotary electrode, there are enumerated the 
facts that the machining in a stabilized field can be 



performed owing to the fact that a constant water flow 
is generated between the electrodes, the field can be 
kept clean owing to the fact that a fresh water is 
always supplied between the electrodes, and the like. 
The former is because, if both electrodes of flat 
plate form are facing with a minute gap (1 mm or less) 
being provided between theim, bubbles generated from 
surfaces of both electrodes stagnate in the gap, so 
that the machining in the stable field cannot be 
expected. As to this point, also in a conventional 
electrolytic machining, the bubbles are removed by 
making a flow of the electrolysis solution. 
[0031] As shown in Fig. 2, in the machining apparatus 
of this embodiment, a sample 1 consisting of Si plate 
and a rotary electrode 2 are immersed with a gap being 
provided between them in an ultrapure water 4 filled 
in a water tank 3, the sample 1 is held by a support 
member 6 fixed to an XY stage 5, and the rotary 
electrode 2 is fixed to a tip of a rotation shaft 9 (Z 
axis direction) of a motor 8 fixed to a Z stage 7. A 
machined face of the sample 1 is arranged orthogonally 
to an XY face and, for example, arranged parallel to a 
YZ face. Accordingly, it is adapted such that, by 
driving the XY stage 5 and the Z stage 1 , a relative 
position including a gap interval between the sample 1 
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and the rotary electrode 2 can be changed. And, the 
sample 1 and the rotary electrode 2 are electrically 
connected respectively to an electric source 10 
through lead wires 11, 11 etc., a positive voltage is 
applied to the sample 1, and the rotary electrode 2 is 
maintained at an earth electric potential. :An 
electric current flowing between the sample 1 and the 
rotary electrode 2 is being measured by an ammeter 12, 
Further, most of a mechanism portions including the 
water tank 3 is accommodated in a gas tight chamber 
13, and an inside of the gas tight chamber 13 is 
purged by Ar gas. 

[0032] As a material of the rotary electrode 2, it is 
necessary to use one not eroded by OH" and H"^, and Au 
and Pt are most preferable. In this embodiment, as 
the rotary electrode 2 there was used one in which Ni 
was coated in a thickness of 10 pim on a surface of an 
Al sphere by an electroless plating and thereon Au was 
coated by an electrolytic plating. 

[0033] First, there was observed an aspect in change 
of Si in case where a DC bias applied between both 
electrodes (the sample 1 of anode and the rotary 
electrode 2 of cathode) was made constant, and the gap 
was changed to increase an electric field intensity, 
thereby increasing a quantity of OH" acting on Si. 
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Machining conditions and machined results are shown in 
Table 1 below. 
[0034] 
[Table 1] 



Experiment 


Machining conditions 


Machined results 


DC 
voltage 
(V) 


Gap 
(mm) 


Current 
density 
(mA/cm^) 


Time 
■ (hr) 


No.1 


300 


8 


0.11 


4 


Oxidation (Film thickness : 0.05-0. 12|am) 


No.2 


300 


4 


0.11 


4 , 


Oxidation (Film thickness : 0.06'-0.lM.m) 


No.3 


300 


2 


0.32 


4 


Oxidation (Film thickness : 0.08-0.1 urn) 


No.4 


300 


1 


0.89 


4 


Oxidation (Film thickness : 0.4'-0.5M.m) 



[0035] Here, a film thickness of the oxide film in 
Table 1 was measured by using a stylus type 
roughnessmeter (Surf com made by Tokyo Seimitsu Co., 
Ltd.) . As a result, as to the oxide film formed on 
the sample 1, the film thickness grew thickest in a 
center portion where the rotary electrode 2 approached 
nearest, and the growth of the oxide film became small 
as going away from the center. It is inferred that 
this is attributable to the fact that, since the 
rotary electrode was used, the gap became large as 
going away from the center of the rotary electrode 
and, accompanying it, the electric field intensity 
became a weakened distribution and, as a result, the 
quantity of OH" acting oh Si per unit time was 
reduced. From the above results, it is understood 
that, if at least the current density is lower than 




- 24 - 



about 0.9 mA/cm", the machining is an oxide film 
formation machining . 

[0036] (Embodiment 1-2) Next, in order to increase 
the current density and homogenize the concentration 
of OH' acting on Si, a machining using parallel flat 
plate electrodes was attempted. An outline of its 
machining apparatus is shgwn in Fig. 3. This machining 
apparatus has a structure in which. samples 22, 22 of 
both electrodes each consisting of a flat plate made 
of Si are immersed in an ultrapure water 21 filled in 
a container 20 made of tetraf luoroethylene resin 
(PTFE) under a state that they are parallel fixed 
through a spacer 23 of insulator, a positive voltage 
is applied to one sample 22 from an electric source 
24, the other sample 22 is maintained at a zero 
electric potential, and an opening portion of the 
container 20 is covered with a lid 25 and, 
additionally, sealed by a gas impermeable bag 2 6, and 
its inside is purged by Ar gas. Incidentally, 27 in 
the drawing is a thermometer, 

[0037] Similarly to the aforesaid Embodiment 1-1, the 
DC bias was applied to both samples 22, 22, and a 
machining was attempted. Its machining conditions and 
a machined result are shown in Table 2 below. Also 
with this current density, the machining was the oxide 
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Machining conditions 




Experiment 


DC 
voltage 
(kV) 


Gap 
(mm) 


Current 
density 
(mA/cm^) 


Time 
(hr) 


Machined result 


No.5 


5 


1 


1.7 


1 


Oxidation (Film thickness : 0.15'-0.2Hm) 



[0039] (Embodiment 1-3) Next, .for the purpose of 
further increasing the current density, a machining 
was attempted with the cathode being made a needle- 
like electrode. Fig. 4 shows an outline of its 
machining apparatus. This machining apparatus is of a 
structure in which an ultrapure water 32 is filled in 
a water tank 31 arranged in a sealed container 30, a 
sample 34 consisting of a flat plate made of Si and 
fixed to a holding base 33 is immersed in the 
ultrapure water 32, a needle-like electrode 35 
consisting of a gold wire is fixed to the holding base 
33 vertically to the sample 34 with a predetermined 
gap being provided between them and is similarly 
immersed in the ultrapure water 32, a positive voltage 
is applied to the sample 34 from an electric source 
36, the needle-like electrode 35 is maintained at a 
zero electric potential and, further, the sealed 
container 30 is purged by Ar gas. Incidentally, 37 in 
the drawing is a thermometer. 




film formation machining. 
[0038] 

[Table 2] 
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[0040] Similarly to the aforesaid Eiubodlment 1-1, the 
DC bias was applied between the sample 34- and the 
needle-like electrode 35, and a machining was 
attempted- Its machining conditions and a machined 
result are shown in Table 3 below. Also with this 
current density, the machining was the oxide film 
formation machining. 
[0041] 
[Table 3] 





Machining conditions 




Experiment 


DC 
voltage 
(kV) 


Gap 
(mm) 


Cun-ent 
density 
(mA/cm^) 


Time 
(min) 


Machined result 


No.6 


10 


1 


7.9 


10 


Oxidation (Film thickness : O.SS^im) 



[0042] From the above results, in regard to the 
workpiece of Si, in a range in which the current 
density is 0.11 to 7.9 mA/cm^ the machining was the 
oxide film formation machining. At present, in the 
semiconductor industry, a Si oxide film is utilized in 
various fields of manufacturing Si devices such as 
gate insulation film and capacitor insulation film. 
Although there are various methods for generating this 
Si oxide film, the Si oxide film used in nowadays 
device manufacture is a heat oxide film uniformly 
formed by exposing Si mainly to a high temperature 
atmosphere. Hitherto, as methods of generating the Si 
oxide film, there have been known a dry oxidation, a 
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humidif ication oxidation, a water vapor oxidation, a 
pressurized oxidation, a plasma oxidation, an 
electrolytic anode oxidation, and the like. 
[0043] In the other methods excluding the electrolytic 
anode oxidation, properties of the oxide film are 
approximately similar, whereas in a method by the 
electrolytic anode oxidation a density of the oxide 
film is considerably lower than the other methods and 
also a resistivity is lower even by four digits in 
comparison with the other methods. It is considered 
that this is because, in the electrolytic anode 
oxidation method, the Si oxide film is greatly 
influenced by the electrolyte in the electrolysis 
solution. The Si oxide film generated in the anode by 
the machining method of the invention is one owing to 
an anode electrode reaction in the ultrapure water. 
Therefore, the oxide film according to the invention 
and the heat oxidation film were analyzed by an FT-IR 
(Fourier Transfer - Infrared Spectroscopy) (FT/IR - 3 
Type made by Nihon Bunko) and an AES (Auger Electron 
Spectroscopy) • From results of the FT-IR, it was 
understood that, as to the oxide film of the 
invention, a quantity of Si-0 bonds was less than the 
heat oxidation film generally used in the device 
manufacture. However, on the other hand, from results 
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of the AES, it was understood that the oxide film of 
the invention had a structure comparable to the heat 
oxide film. Accordingly, if the electrode reaction of 
Si in the ultrapure water is performed by optimizing 
the machining conditions of the oxide film formation 
machining, there is a possibility that the Si oxide 
film comparable to the heat oxide film is obtained. 

[0044] (Embodiment 1-4) By using the machining 
apparatus of the aforesaid Embodiment 1-3, a machining 
was attempted with Cu, Mo, Fe and Al being made 
samples. Its machining conditions and machined 
results are shown in Table 4 below. Under these 
machining conditions, Cu and Mo were a removal 
machining, and Fe and Al the oxide film formation 
machining. 

[0045] 

[Table 4] 



Material 

to be 
machined 


Machining conditions 


Machined results 
(Specific machined volume:for removal 
machining) 

(Oxide film thickness : for oxidation machining) 


DC 
voltage 
(kV) 


Gap 
(nnm) 


Current 
density 
(mA/cm^) 


Tinne 
(nnin) 


Cu 


1-^2 


1 


400 


10 


Removal machining (0.29mm''/A-min) 


Mo 


0.5 


1 


38 


60 


Removal machining (0.44mm'*/A min) 


Fe 


4.5 


1 


16 


60 


Oxidation (Film thickness : 18M.m) 


Al 


6 


1 


12 


60 


Oxidation (Film thickness : ISpim) 



[0046] Here, surfaces of Cu and Mo machined just after 
a finish of the machining have changed in their colors 
respectively to brown and black. It seems that these 




are an oxide CuO of Cu and an oxide MoO of Mo. 
Especially, as to Cu a green mist has appeared in the 
water during the machining and, further, a blue mist 
has suspended in a part of the water after the finish 
of the machining of Mo • Accordingly, it is inferred 
that surfaces of machined Cu and Mo have been 
oxidized- From these results, one model of a 
machining mechanism by the electrode reaction in the 
ultrapure water is considered. That is, it is a model 
that, in the ultrapure water, in a substance, first an 
oxidation occurs owing to the fact that OH" and H2O 
participate, and the machining is changed to the 
removal machining owing to the fact that its oxide is 
separated by some reason in which OH*" and H2O further 
participate. 

[0047] (Embodiment 2) In this embodiment it was 
attempted to machine the workpiece immersed in the 
ultrapure water by means of increasing an OH" 
concentration in the ultrapure water by maintaining 
the ultrapure water at a high temperature and under a 
high pressure. As shown in Fig.l, it is understood 
that if the water whose density is 1.0 g/cm^ at 25°C 
nearing the room temperature and under an atmospheric 
pressure is raised in its temperature to 200^C while 
keeping the density constant as it is, the pressure 
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becomes 3000 atm. Accordingly, as shown in Fig. 5, 
this apparatus is of a structure in which a container 

43 made of tetraf luoroethylene resin and filled with 
an ultrapure water 42 is disposed in an internal 
reaction chamber 41 of a pressure vessel 40, a sample 

44 made of Si is immersed in the ultrapure water 42, a 
heating ceramic heater 45 is wound around an outer 
periphery of the pressure vessel 40 and, further, it 
is covered with a heat insulating material 4 6, and an 
electric current is supplied to the ceramic heater 45 
through a slidac 47. Incidentally, the temperature .is 
measured by a thermocouple 4 8 contacted with the 
pressure vessel 40. The pressure vessel 40 is one 
which is designed so as to withstand 3000 atm and in 
which a vessel body 40a having the accommodation space 
41 and a lid body 4 0b. are jointed by eight bolts 4 0c, 
and the vessel body 40a and the lid body 40b are 
sealed by a gasket 40d made of Cu. Further, the 
vessel body 40a and the lid body 40b are made of a 
stainless steel (SUS 304) and the bolt 40c is made of 
an HPM 2 steel whose linear expansion coefficient is 
smaller than the stainless steel, so that it becomes a 
self-tying structure in which, when the temperature is 
raised, a tightening force is increased owing to a 
difference in thermal expansion coefficient. 



[0048] As the above sample 44, a Si wafer of 400 |j,m in 
thickness and 1x2 cm in longitudinal and transverse 
lengths is used. As a pretreatment , first an oil 
component and another contamination on the surface of 
the Si wafer were wiped off by ethyl alcohol, and next 
an oxide film was removed by cleaning with 5% 
hydrofluoric acid for 30 seconds. And, finally it was 
cleaned in the ultrapure water (flowing water) for 10 
seconds and sufficiently dried. Before machining, a 
weight of this Si wafer was measured in mg order. 
Machining conditions and machined results as a weight 
before machining and a weight after machining are 
shown in Table 5 below, 
[0049] 
[Table 5] 



Machining conditions 


Machined results 


Water 
temperature 


Pressure 


Ion 
product 


Tinne 


Weight 
before 
machining 


Weight after 
machining 


Thicl^ness 
reduction amount 


200°C 


3000 atm 


10.118 


1 hr 


329 mg 


327 mg 


2.1 urn 



[0050] Here, in regard to the machining time, after a 
thermocouple monitor had indicated 200°C, it was 
waited (for 10 minutes) until the temperature of the 
ultrapure water in the internal reaction chamber 
became 200°C and, thereafter, a machining was 
performed for 1 hour. Further, the thickness 
reduction amount in the table was calculated by mass 
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difference/ (density x surface area) . 

[0051] (Embodiment 3) A machining of a Cu plate was 
attempted by using such a machining apparatus as shown 
in Figs. 6 (a) and (b) . This machining apparatus has a 
structure in which a platinum electrode plate 52 
becoming cathode and a Cu made sample 53 becoming 
anode are immersed in an ultrapure water 51 filled in 
a container 50 with a constant'gap being held between 
them, a cation exchange membrane (Nafion 117) 54 is 
arranged between both electrodes, the whole of the 
container. 50 is accommodated in a gas tight container 
55, and its inside is purged by Ar gas. More 
detailedly, the platinum electrode plate 52 is fixed 
with the cation exchange membrane 54 being put between 
it and one side face side of a gap spacer 56 whose 
inside is opened, the sample 53 is fixed to the other 
side face side of the gap spiacer 56, and under this 
state they are immersed in the ultrapure water 51. In 
this case, the ultrapure water 51 is filled also in an 
opening 56a of the gap spacer 56. And, a DC voltage 
was applied between the platin-xim electrode plate 52 
and the sample 53 from an electric source 57 such that 
an electric current value becomes constant during the 
machining. Machining conditions and machined results 
are shown in Table 6 below. 
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[0052] 
[Table 6] 





Machining conditions 


Machined results 


Opposing area 


Gap 


Cunrent value 


Specific machined 
volume 


Machining 1 


1x4.5 (cm^) 


2 mm 


40 mA 


2.35 mm"^/A mln 


Machining 2 


1x9 (cm^l 


2 mm 


30 mA 


0.83 mm"^/A min 



[0053] Here, " in the Machining 1 in Table 6, as a 
result that the machining was performed by immersing 
the cation exchange membrane in the ultrapure water 
with it being dried intact, when the cation exchange 
membrane was observed after finishing the machining, 
the cation exchange membrane expanded toward a sample 
side only in its portion contacting with the ultrapure 
water by absorbing the water. As a result, there was 
almost no gap between the cation exchange membrane and 
the sample. In contrast to this, in the Machining 2 
in Table 6, the cation exchange membrane was set to 
the gap spacer after it had been preliminarily 
immersed in the ultrapure water for a sufficient time 
to thereby uniformize an expansion of the membrane 
and, thereafter, further cleaned sufficiently by the 
ultrapure water. As a result, in the Machining 1 the 
voltage applied in order to ensure a -current value of 
40 mA was several 10s V, whereas in the Machining 2 
the voltage applied in order to ensure a current value 
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of 30 mA became 600 to 1400 V. 

[0054] In the machining method in which the 0H~ ion 
concentration is increased by this ion exchange 
treatment, if a specified shape tool having on its 
surface an ion exchange material is made the cathode 
and the workpiece is made the anode, a machining 
capable of transcribing the shape of the tool to the 
workpiece (transcription machining) is possible and, 
if a wire electrode having on its surface the ion 
exchange material is used as the cathode, a machining 
capable of cutting the workpiece of the anode (cut. 
machining) is possible. 

[0055] 

[Effects of the Invention] According to the machining 
method by hydroxyl group in ultrapure water of the 
invention, which is constituted in such a manner as 
mentioned above, there are brought about remarkable 
effects mentioned below. 

(1) Since it is the machining by the chemical action 
between the OH" ions and the workpiece, properties of 
the workpiece are not deteriorated. 

(2) Differing from an ■ aqueous solution used in the 
electrolytic machining and the like, since in the 
ultrapure water there exist only H"", OH" and H2O and no 
inpurities such as metal ions exist, if an 
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interception of the impurities from outside is 
complete, the machining in a completely clean 
atmosphere is possible. 

(3) Since only the ultrapure water is used, a great 
reduction in machining cost is possible as well. 
[Brief Description of the Drawings] 
[Fig.l] It is a graph showing a relation between 
density and ion product of a water with temperatures 
and pressures being made parameters. 
[Fig. 2] It is a simplified sectional view of a 
machining apparatus in which an electrolytic machining 
is adopted as a hydroxyl group increase treatment and 
a rotary electrode is used. 

[Fig. 3] It is a simplified sectional view of a 
machining apparatus in which the electrolytic 
machining is adopted as the hydroxyl group increase 
treatment and parallel flat plate electrodes are used. 

[Fig. 4] It is a simplified sectional view of a 
machining apparatus in which the electrolytic 
machining is adopted as the hydroxyl group increase 
treatment and a needl-like electrode is used. 

[Fig. 5] It is a simplified sectional view of a 
machining apparatus in which a high temperature and 
high pressure treatment is adopted as the hydroxyl 
group increase treatment. 
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[Fig. 6] It shows a machining apparatus in which an ion 
exchange treatment is adopted as the hydroxyl group 
increase treatment^ wherein (a) is a simplified 
sectional view of the apparatus, and (b) an exploded 
perspective view showing a structure around an j 
electrode.. 

[Description of the Reference Numerals and Signs] 



1 


sample (workpiece) 


2 


rotary electrode 


3 


water tank 


4 


ultrapure water 


5 


XY stage 


6 


support member 


7 


Z stage 


8 


motor 


9 


rotation shaft 


10 


electric source 


11 


lead wire 


12 


ammeter 


13 


gas tight chamber 






20 


container 


21 


ultrapure water 


22 


sample (workpiece) 


23 


spacer 


24 


electric source 


25 


lid 


26 


bag 


27 


thermometer 


30 


sealed container 


31 


water tank 


32 


ultrapure water 


33 


holding base 


34 


sample (workpiece) 


35 


needle-like electrode 


36 


electric source- 


37 


thermometer 


40 


pressure vessel 






40a vessel body 


4 0b lid body- 



40c bolt 40d gasket 
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41 


internal reaction chamber 


42 


43 


container 


44 


45 


ceramic heater 




46 


heat insulation material 




47 


slidac 


48 


O U 


container 


^ 1 

O J. 


52 


platinum electrode plate 


53 


54 


cation exchange membrane 


55 


56 


gap spacer 




56a 


opening 




57 


electric source 






ultrapure water 
sample (workpiece) 

thermocouple 
ultrapure water 
sample (workpiece) 
gas tight container 
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[Fig.l] 

(a) ION PRODUCT 

(b) DENSITY 

[Fig. 2] 

10 ELECTRIC SOURCE 
[Fig. 3] 

24 ELECTRIC SOURCE 
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